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(54) Spark plug for an internal combustion engine and manufacturing method of the same 



(57) An iridium alloy firing tip (60), fixed to an oppos- 
ing portion (31) of a center electrode, comprises a stem 

(61 ) and a head (62). The firing tip head (62) is integrally 
formed from one end of the stem. A diameter of the head 

(62) is larger than that of the stem (61). A distal end of 
the stem (61 ) is opposed to an opponent electrode. The 
head (62) is embedded in the opposing portion. The fir- 
ing tip head (62) is pointed or tapered in a direction op- 



posite to the stem (61) from a maximum diameter por- 
tion (63) in such a manner that a cross-sectional area 
of the head (62) continuously decreases with increasing 
distance from the maximum diameter portion (63). The 
maximum diameter portion (63) is positioned deeply in- 
side the opposing portion (41), and a base end of the 
stem (61 ) extendingfrom the maximum diameter portion 
(63) is wrapped or surrounded by the opposing portion 
(41). 
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Description SUMMARY OF THE INVENTION 



BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a spark plug 
for an internal combustion engine comprising a center 
electrode and a ground electrode disposed in an op- 
posed relationship and an iridium (Ir) alloy firing tip pro- 
vided on at least one of opposing portions of the elec- 
trodes. Furthermore, the present invention relates to a 
method for manufacturing this spark plug. 
[0002] Spark plugs are employed in internal combus- 
tion engines of automotive vehicles, cogeneration facil- 
ities and gas compressors. For-example, to extend life- 
time and improve performance of the spark plug, a spark 
discharge electrode member, made of platinum (Pt) or 
Pt alloy, is disposed on at least one of opposing portions 
of the center and ground electrodes disposed in an op- 
posed relationship. 

[0003] United States Patent No. 5,456,624 discloses 
this type of conventional spark plug which uses a rivet 
platinum firing tip having a head formed at a front end 
thereof. The head of the firing tip is fixed to an opposing 
electrode surface by resistance welding. 
[0004] The spark plugs in future will be subjected to 
severe engine specifications, i.e., will be used in ther- 
mally severe environments. It is predicted that weara- 
bility of the firing tip, if it is made of Pt alloy, will be in- 
sufficient in such severe conditions. Regarding the 
wearability, the melting point of iridium (Ir) alloy is higher 
than that of the Pt alloy. Thus, the iridium alloy is be- 
lieved to be a prospective material for the future spark 
discharge electrode member. 

[0005] The inventors of this application have conduct- 
ed durability tests on some samples prepared based on 
conventional spark plug arrangement employing Ir alloy 
firing tips, with a conclusion that fixation of the Ir alloy 
firing tip is insufficient according to the conventional 
spark plug. 

[0006] More specifically, according to the above-de- 
scribed conventional spark plug, the firing tip is shallow- 
ly welded on the opposing electrode surface in such a 
manner that only a front end or top of the firing tip head 
sinks in the opposing electrode. If the firing tip is made 
of Pt or Pt alloy having a linear expansion coefficient 
similar to that of the electrode base material (Ni-based 
alloy or the like), it will be possible to obtain sufficient 
bonding strength and durability. 

[0007] However, when the firing tip is made of Ir alloy 
having a linear expansion coefficient larger than that of 
the electrode base material, the conventional firing tip 
arrangement cannot assure sufficient bonding strength 
and durability. In fact, according to an engine test based 
on practical environments, the firing tip has fallen out of 
the electrode. Alternatively, it may be possible to use a 
laser welding for connecting the Ir alloy firing tip to the 
electrode. However, the laser welding is expensive com- 
pared with the resistance welding. 



[0008] In view of the above-described problems, the 
present invention has an object to provide a spark plug 

5 for an internal combustion engine comprising a center 
electrode and a ground electrode disposed in an op- 
posed relationship and an iridium alloyfiringtip provided 
on at least one of opposing portions of the electrodes. 
More specifically, the present invention provides a low- 

io cost method for surely fixing the iridium alloy firing tip to 
the electrode. 

[0009] To accomplish the above and other related ob- 
jects, the present invention provides a first spark plug 
for an internal combustion engine comprising a center 

15 electrode and a ground electrode disposed in an op- 
posed relationship, and an iridium alloy firing tip provid- 
ed on at least one of opposing portions of said elec- 
trodes. The iridium alloy firing tip comprises a stem and 
a head. The firing tip head is integrally formed from one 

20 end of the stem with a diameter of the head larger than 
a diameter of the stem. A distal end of the firing tip stem 
is opposed to an opponent electrode. The head is em- 
bedded in the opposing portion of the electrode. The 
head is pointed or tapered in a direction opposite to the 

25 stem from a maximum diameter portion in such a man- 
ner that a cross-sectional area of the head continuously 
decreases with increasing distance from the maximum 
diameter portion. The maximum diameter portion is po- 
sitioned inside the opposing portion of the electrode, 

30 and a base end of the stem extending from the maxi- 
mum diameter portion is wrapped or surrounded by the 
opposing portion of the electrode. 
[0010] According to the first spark plug of the present 
invention, the front end (i.e., top) of the firing tip head is 

35 pointed or tapered from the maximum diameter portion 
in such a manner that the cross-sectional area of the 
firing tip head continuously decreases with increasing 
distance from the maximum diameter portion (hereinaf- 
ter, referred to as tapered configuration of the firing tip 

40 head). Thus, when a pressing force is applied during the 
low-cost resistance welding, the firing tip head can eas- 
ily sink in the melted opposing portion of the electrode. 
[0011] According to the embedding arrangement of 
the first spark plug, the opposing portion of the electrode 

45 surrounds or wraps the maximum diameter portion of 
the firing tip head as well as the base end of the stem 
extending from the maximum diameter portion. Thus, it 
becomes possible to securely fix the Ir alloy firing tip to 
the opposing portion of the electrode in a hooked con- 

50 dition, thereby effectively preventing the I r alloy firing tip 
from being mechanically pulled out of the electrode. 
Hence, the first spark plug of the present invention 
makes it possible to prevent the Ir alloy firing tip from 
falling out of the electrode based on low-cost resistance 

55 welding. 

[001 2] According to the first spark plug of the present 
invention, it is preferable that the opposing potion of the 
electrode surrounds or wraps the firing tip head by a 
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thickness t1 equal to or larger than 0.3mm. The thick- 
ness t1 satisfying this condition assures a sufficient 
force for fixing the I r ally firing tip to the opposing portion 
of the electrode. 

[0013] Furthermore, according to the first spark plug 5 
of the present invention, it is preferable that a pointed 
or tapered end of the firing tip head is configured into a 
spherical surface. Alternatively, it is preferable that the 
pointed or tapered end of the firing tip head is configured 
into a flattened surface which satisfies a relationship 10 
A<D/2, where "A" represents a planer length of the flat- 
tened surface and "D" represents a diameter of the max- 
imum diameter portion. If the planer length "A" is equal 
to or larger than D/2, the firing tip head will not smoothly 
sink in the opposing portion of the electrode during the 15 
resistance welding operation. 

[0014] Furthermore, the present invention provides a 
manufacturing method for a spark plug employed in an 
internal combustion engine, the spark plug comprising 
a center electrode and a ground electrode disposed in 20 
an opposed relationship, and an iridium alloy firing tip 
fixed to at least one of opposing portions of the elec- 
trodes by resistance welding, wherein the iridium alloy 
firing tip comprises a stem and a head, the firing tip head 
being integrally formed from one end of the stem with a 25 
diameter of the head larger than a diameter of the stem. 
This manufacturing method comprises a welding oper- 
ation for fixing the iridium firing tip to the opposing por- 
tion of the electrode by resistance welding. The welding 
operation comprises a step of bringing the head of the 30 
iridium alloy firing tip into contact with the opposing por- 
tion of the electrode, and a step of applying a pressing 
force to the head during resistance welding operation 
for enforcing a maximum diameter portion to sink in a 
melted portion of the electrode until a base end of the 35 
stem extending from the maximum diameter portion is 
embedded in the melted portion of the electrode. 
[0015] According to the manufacturing method of the 
present invention, the above-described first spark plug 
can be manufactured adequately. During resistance 40 
welding operation, the firing tip head sinks in the melted 
portion of the electrode when it thermally deforms due 
to welding heat. This makes it possible to surround or 
wrap the base end of the stem extending from the max- 
imum diameter portion. Alternatively, according to the 45 
present invention, it is possible to caulk the opposing 
portion of the electrode after the firing tip head is em- 
bedded in the opposing portion of the electrode. 
[0016] Furthermore, the present invention provides a 
second spark plug for an internal combustion engine so 
comprising a center electrode and a ground electrode 
disposed in an opposed relationship, and an iridium al- 
loy firing tip provided on at least one of opposing por- 
tions of said electrodes. The iridium alloy firing tip com- 
prises a stem and a head. The firing tip head is integrally 55 
formed from one end of the stem with a diameter of the 
head larger than a diameter of the stem. A distal end of 
the firing tip stem is opposed to an opponent electrode. 



The firing tip head is placed in a hole formed in the op- 
posing portion of the electrode. The head has a maxi- 
mum diameter portion positioned in the hole. The op- 
posing portion of the electrode is caulked so that a base 
end of the stem extending from the maximum diameter 
portion is wrapped or surrounded by an inside wall of 
the hole. 

[0017] According to the second spark plug of this 
present invention, the firing tip head is securely fixed in 
the hole with the maximum diameter portion placed in 
the hole and the stem surrounded by the deformed in- 
side wall of the hole. Accordingly, it becomes possible 
to securely fix the Ir alloy firing tip to the opposing portion 
of the electrode in a hooked condition, thereby effective- 
ly preventing the Ir alloy firing tip from being mechani- 
cally pulled out of the opposing portion of the electrode. 
Thus, according to the second spark plug of the present 
invention, it becomes possible to effectively fixing the Ir 
alloy firing tip to the electrode based on low-cost caulk- 
ing operation. 

[0018] Furthermore, the present invention provides a 
third spark plug for an internal combustion engine com- 
prising a center electrode and a ground electrode dis- 
posed in an opposed relationship, and an iridium alloy 
firing tip provided on an opposing portion of said ground 
electrode. The iridium alloy firing tip is provided on an 
opposing portion of the ground electrode. The iridium 
alloy firing tip comprises a stem and two heads formed 
at both ends of this stem, with a diameter of each head 
larger than a diameter of the stem. A through-hole, pro- 
vided on the opposing portion of the electrode, accom- 
modates the stem. Two heads are fixed to the opposing 
portion of the electrode so as to close each end of the 
through-hole. 

[001 9] According to the third spark plug of this present 
invention, the heads are fixed to the opposing portion of 
the electrode so as to close the both ends of the through- 
hole. Thus, it becomes possible to securely fix the Ir al- 
loy firing tip to the opposing portion of the electrode in 
a hooked condition, thereby effectively preventing the Ir 
alloy firing tip from being mechanically pulled out of the 
opposing portion of the electrode. This arrangement can 
be easily realized, for example, by inserting an Ir alloy 
tip rod into a through-hole and deforming a protruding 
portion of the tip rod to form the firing tip head. Thus, 
according to the third spark plug of the present inven- 
tion, it becomes possible to effectively fixing the Ir alloy 
firing tip to the opposing portion of the electrode based 
on low-cost operation. 

[0020] According to the present invention, the iridium 
alloy firing tip chiefly contains iridium with at least one 
additive selected from the group consisting of rhodium 
(Rh), platinum (Pt), ruthenium (Ru), palladium (Pd) and 
tungsten (W). 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] The above and other objects, features and ad- 
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vantages of the present invention will become more ap- 
parent from the following detailed description which is 
to be read in conjunction with the accompanying draw- 
ings, in which: 

Fig. 1 is a half cross-sectional view showing overall 

arrangement of a spark plug in accordance with a 

first embodiment of the present invention; 

Fig. 2 is an enlarged cross-sectional view showing 

a firing tip fixed on the front end of a center electrode 

of the spark plug shown in Fig. 1 ; 

Figs. 3 A and 3B are views showing appearance and 

configuration of Ir alloy firing tip itself in accordance 

with the first embodiment of the present invention; 

Fig. 4A is a view showing appearance of a flat firing 

tip; 

Fig. 4B is a cross-sectional view explaining defini- 
tion of an embedding depth H; 
Fig. 4C is a graph showing relationship between the 
welding current and the embedding depth H; 
Fig. 5A is a view showing appearance and config- 
uration of a tapered Ir alloy firing tip with a flat top 
surface in accordance with the first embodiment of 
the present invention; 

Fig. 5B is a graph showing relationship between a 
head planar length A and the embedding depth H; 
Fig. 6 is a cross-sectional view schematically show- 
ing a modified embodiment which has an Ir alloy fir- 
ing tip fixed on the opposing portion of a ground 
electrode in accordance with the first embodiment 
of the present invention; 

Figs. 7A to 7H show various configurations of the Ir 
alloy firing tip in accordance with the first embodi- 
ment of the present invention; 
Figs. 8A to 8D are cross-sectional views schemat- 
ically illustrating caulking steps for fixing the Ir alloy 
firing tip to the electrode in accordance with a sec- 
ond embodiment of the present invention; 
Fig. 9 is a cross-sectional view schematically show- 
ing a caulking operation using a separate member 
in accordance with the second embodiment of the 
present invention; and 

Figs. 10A to 10C are cross-sectional views sche- 
matically showing the caulking steps for fixing the 
Ir alloy firing tip to the electrode In accordance with 
a third embodiment of the present invention. 

DESCRIPTION OF PREFERRED EMBODIMENTS 



[0022] Hereinafter, preferred embodiments of the 
present invention will be explained with reference to at- 
tached drawings. 

First Embodiment 

[0023] Fig. 1 is a half cross-sectional view showing 
overall arrangement of a spark plug 100 in accordance 
with a first embodiment of the present invention. The 



spark plug 100 is applicable as an ignitor to an internal 
combustion engine of an automotive vehicle. The spark 
plug 100 is inserted into and fixedly engaged with a 
screw hole opened on an engine head (not shown) 
5 which forms and defines a combustion chamber of the 
engine. 

[0024] The spark plug 100 has a cylindrical metal fit- 
ting (i.e., mounting bracket) 1 0 made of electrically con- 
ductive steel material (e.g., low-carbon steel). The metal 

10 fitting 10 has a thread ridge 11 which is securely en- 
gaged with a corresponding thread hole formed on the 
engine head. An insulator 20, made of alumina ceramic 
(AI203) etc., is securely coupled in an inside hollow 
space of the metal fitting 1 0. The insulator 20 has a front 

is end 21 exposed to the outside from an opening of one 
axial end of the metal fitting 1 0. 
[0025] The insulator 20 has an axially extending in- 
side hole 22 for securely supporting a center electrode 
30 therein. Thus, the metal fitting 1 0 supports the center 

20 electrode 30 via the insulator 20. The center electrode 

30 is a columnar member which has an inside metallic 
member, such as Cu (i.e., copper), having excellent 
thermal conductivity and an outside metallic member, 
such as Ni (i.e., nickel)-based alloy, having excellent 

25 heat resistivity and corrosive resistivity. As shown in Fig. 
1 , a front end 31 of the center electrode 30 is exposed 
to the outside from the front end 21 of the insulator 20. 
[0026] A ground electrode 40 has a proximal end 42 
fixed to the axial end of the metal fitting 10, an intemne- 

30 diate portion substantially bent into an L shape, and a 
distal end 41 opposing via a discharging gap 50 to the 
front end 31 of the center electrode 30. The ground elec- 
trode 40 is a square rod member made of a Ni-based 
alloy or the like. 

35 [0027] Thefrontend31 ofthecenterelectrode30and 
the distal end 41 of the ground electrode 40 serve as 
opposing portions of the electrodes of the present in- 
vention. According to the first embodiment, an Ir alloy 
firing tip 60 is attached on the front end 31 of the center 

40 electrode 30 by resistance welding. The Ir alloy firing tip 
60 serves as a spark discharge electrode member. 
[0028] The firing tip 60 chiefly contains Ir (iridium) with 
at least one additive selected from the group consisting 
of rhodium (Rh), platinum (Pt), ruthenium (Ru), palladi- 

45 um (Pd) and tungsten (W). For example, the firing tip 60 
is an lr-1 ORh alloy with 90 weight% Ir and 1 0 weight % 
Rh. The discharge gap 50 is a clearance between the 
firing tip 60 and the distal end 41 of the ground electrode 
40. For example, the discharge gap 50 is approximately 

so 1mm. 

[0029] Fig. 2 is an enlarged cross-sectional view 
showing the Ir alloy firing tip 60 welded to the front end 

31 of the center electrode 30. 

[0030] Figs. 3A and 3B show appearance and config- 
55 uration of the Ir alloy firing tip 60 itself. Fig. 3B shows 
the Ir alloy firing tip 60 seen from the direction of an ar- 
row Y shown in Fig. 3A. The Ir alloy firing tip 60 has a 
circular stem 61 with a diameter "d" and a length "t0 M 
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which is integrally formed from a circular head 62. The 
firing tip head 62 has a diameter larger than that (i.e., 
diameter "d M ) of the circular stem 61 . In other words, the 
Ir alloy firing tip 60 is configured into a rivet shape. For 
example, the Ir alloy firing tip 60 can be formed by cold 5 
forging or hot forging the Ir alloy. 
[0031] According to this embodiment, the circular fir- 
ing tip head 62 has a maximum diameter (i.e., D as 
shown in Fig. 3A) at a maximum diameter portion 63. 
The maximum diameter portion 63 is a bottom flat por- 10 
tion closest to the circular stem 61 of the firing tip 60. 
The opposite side (i.e., top) of the circular head 62 is 
configured into a spherical shape. The diameter of the 
circular head 62 gradually decreases with increasing 
distance from the maximum diameter portion 63 (due to 15 
tapered configuration of the firing tip head). Accordingly, 
when taken along a plane normal to the axis of the stem 
61 (refer to Fig. 2), the cross-sectional area of the cir- 
cular head 62 continuously decreases with increasing 
distance from the maximum diameter portion 63. 20 
[0032] As shown in Fig. 2, the maximum diameter por- 
tion 63 of the circular head 62 is embedded in the front 
end (i.e. one opposing portion) 31 of the center elec- 
trode 30. A free end of the circular stem 61 is directed 
toward the distal end (i.e., the other opposing portion) 25 
41 of the ground electrode 40. The circular head 62 is 
deeply positioned so as to be completely embedded in 
the front end 31 of the center electrode 30. The base 
end of the circular stem 61 extending from the maximum 
diameter portion 63 is also embedded in the front end 30 
31 of the center electrode 30. 

[0033] Next, a manufacturing method for the above- 
described spark plug 100 will be explained chiefly for a 
step of fixing the Ir alloy firing tip 60 to y the front end 31 
of the center electrode 30 in the following manner. Re- 35 
garding manufacturing steps for other portions of the 
spark plug 100 are conventionally known and therefore 
not explained. 

[0034] This embodiment employs the resistance 
welding for fixing the Ir alloy firing tip 60 to the front end 40 
31 of the center electrode 30. The Ir alloy firing tip 60 is 
held up side down relative to the center electrode 30. 
More specifically, the front end (i.e., top) of the circular 
head 62 is brought into contact with the front end 31 of 
the center electrode 30 while a pressing force is applied 45 
to the circular stem 61 in the axial direction. Holding this 
state, the resistance welding is performed. 
[0035] During the resistance welding operation, the 
front end 31 of the center electrode 30 melts due to weld- 
ing heat and the circular head 62 sinks into melted por- so 
tion of the center electrode 30 due to the pressing force 
applied thereon. Deformation of the front end 31 of the 
center electrode 30 results in a condition that the base 
end of the circular stem 61 extending from the maximum 
diameter portion 63 is embedded together with the cir- 55 
cular head 62 in the melted front end 31 of the center 
electrode 30 as shown in Fig. 2. In other words, defor- 
mation of the center electrode 30 advances in such a 



manner that the maximum diameter portion 63 of the 
circular head 62 is gradually surrounded or wrapped by 
the melted front end 31 of the center electrode 30. Thus, 
as a result of resistance welding operation, the circular 
head 62 of the Ir alloy firing tip 60 is completely embed- 
ded in the center electrode 30 as shown in Fig. 2. 
[0036] According to the spark plug 1 00 of this embod- 
iment, the front end (i.e., top) of the circular head 62 is 
pointed or tapered in a direction opposite to the stem 61 
from its maximum diameter portion 63 in such a manner 
that the cross-sectional area of the circular head 62 con- 
tinuously decreases with increasing distance from the 
maximum diameter portion 63. Thus, when a pressing 
force is applied during the resistance welding operation 
as described above, the circular head 62 can easily sink 
in the melted portion of the center electrode 30. 
[0037] According to the embedding arrangement for 
the Ir alloy firing tip 60, the front end 31 of the center 
electrode 30 surrounds or wraps the entire body of the 
circular head 62 as well as the base end of the circular 
stem 61 extending from the maximum diameter portion 
63. Thus, it becomes possible to securely fix the Ir alloy 
firing tip 60 to the front end (i.e., opposing portion) 31 of 
the center electrode 30 in a hooked condition, thereby 
effectively preventing the Ir alloy firing tip 60 from being 
mechanically pulled out of the center electrode 30. 
Hence, the spark plug 1 00 of this embodiment makes it 
possible to realize reliable fixation of I r alloy firing tip 60 
to the opposing portion 31 based on low-cost resistance 
welding, i.e., without relying on expensive laser welding. 
[0038] However, the above-described fixing method 
based on the resistance welding can be modified in the 
following manner. After embedding the circular head 62 
into the opposing portion 31 of the center electrode 30, 
the opposing portion 31 can be caulked so as to sur- 
round or wrap the entire body of the circular head 62 as 
well as the base end of the circular stem 61 extending 
from the maximum diameter portion 63. This makes it 
possible to ensure accurate surrounding or wrapping 
shape of the opposing portion of the electrode. 
[0039] Next, shape of Ir alloy firing tip 60 according to 
this embodiment and its embedded arrangement will be 
explained in more detail. 

[0040] In the Ir alloy firing tip 60 shown in Figs. 3A and 
3B, a preferable range of the diameter "d" (hereinafter 
referred to as thin diameter "d") of the circular stem (I. 
e., discharge side smaller diameter portion) 61 is in a 
range of 0.3mm to 0.8mm. When the circular stem 61 
satisfies this condition, the electric field can be strength- 
ened while the mechanical strength can be assured. 
[0041 ] Regarding the relationship between the thin di- 
ameter "d 11 and the maximum diameter D of the circular 
head 62, it is desirable that the maximum diameter D is 
within a range of (d+0.2)mm to (d+0.8)mm. When the 
difference between the maximum diameter D and the 
thin diameter "d" is less than 0.2mm, a hooking depth 
of the center electrode 30 relative to the circular head 
62 is so shallow that an insufficient force will be obtained 
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for securely holding the circular head 62. When the dif- 
ference between the maximum diameter D and the thin 
diameter "d" is larger than 0.8mm, the firing tip 60 will 
no sink in the melted portion of the center electrode 30. 
[0042] The thickness TO (in the axial direction of firing 5 
tip 60) of the circular head 62 should be determined con- 
sidering the following points. When the thickness TO is 
too thick, the circular head 62 cannot completely sink in 
the front end (i.e., opposing portion) 31 of the center 
electrode 30. When the thickness TO is too thin, the cir- 10 
cular head 62 will deform and cannot assure a sufficient 
fixing force for preventing the Ir alloy firing tip 60 from 
falling out of the opposing portion 31 . For example, an 
appropriate value of the thickness TO of the circular 
head 62 is 0.3mm. 

[0043] Furthermore, it is desirable that a thickness (i. 
e., surrounding or wrapping depth) t1 of the opposing 
portion 31 relative to the circular head 62 is equal to or 
larger than 0.3 mm. This value is based on practical- 
level durability test (e.g., durability test equivalent to 
traveling distance 100,000 km based on actual vehicle) 
conducted on the spark plug 1 00 for checking the effect 
of preventing the Ir alloy firing tip 60 from falling out of 
the opposing portion 31 . When the thickness t1 is equal 
to or larger than 0.3 mm, a sufficient force can be ob- 
tained for fixing the Ir alloy firing tip 60 to the opposing 
portion 31 , thereby assuring the above-described anti- 
falling effect. 

[0044] Furthermore, it is desirable that a length (i.e., 
stem protruding length) t2 of the stem 61 protruding rel- 
ative to the opposing portion 31 is equal to or larger than 
0.3 mm. When the stem protruding length t2 is too short, 
spark discharge may occur at an unpredictable point on 
the opposing portion (i.e., front end of center electrode) 
31 otherthan the stem 61 . The opposing portion 31 may 
be so exhausted that the Ir alloy firing tip 60 falls out of 
the opposing portion 31 . 

[0045] Furthermore, it is desirable that a length to of 
the stem 61 is equal to or larger than 0.6mm in view of 
preferable values of the surrounding or wrapping depth 
t1 (^0.3mm) and the stem protruding length t2 
(so.3mm) . When the length to of the stem 61 is too long, 
the stem 61 may cause buckling when a pressing force 
is applied during the resistance welding. The length to 
of the stem 61 should be determined based on such con- 
siderations, and is preferably equal to or larger than 
0.6mm. 

[0046] Figs. 4A, 4B and 4C show evaluation result on 
the embedding arrangement ofthe Ir alloy firing tip 60 
relative to the opposing portion 31 in relation to the weld- 
ing current of the above-described resistance welding. 
In view of embedding of the head 62 as well as anti- 
buckling of the stem 61 , a preferable pressing force ap- 
plied to the Ir alloy firing tip 60 during the resistance 
welding is within a range of 200N to 400N. The test 
shown in Figs. 4Ato 4C was conducted under the press- 
ing force of 250N and the cycle number of 10 with the 
parameter of welding current. 



[0047] Two Ir alloy firing tips were tested. One of the 
tested firing tips is a spherical firing tip 60 having the 
spherical head 62 shown in Figs. 3A and 3B. The other 
one of the tested firing tips is a flat firing tip 70 having a 
flattened heat 62 as shown in Fig. 4A. The tested firing 
tips 60 and 70 have the same thin diameter (d=0.7mm), 
the same maximum diameter (D=1.2mm), the same 
stem length (t0=0.6mm), and the same head thickness 
(T0=0.3mm). The spherical firing tip 60 has a curvature 
radius R equivalent to D/2 (=0.6mm). 
[0048] Fig. 4C shows the test result, with an abscissa 
representing welding current (kA) and an ordinate rep- 
resenting embedding depth H (mm). Fig. 4B shows the 
embedding depth H (mm). In Fig. 4C, a black plotting 
curve represents the spherical firing tip 60 while a while 
plotting curve represents the flat firing tip 70. The point 
x represents a buckling point of the stem 61 in each of 
the firing tips 60 and 70. 

[0049] As understood from Fig. 4C, in the case of flat 
firing tip 70, the flattened head 62 did not sink in the 
opposing portion 31 and the stem 61 has buckled when 
the welding current is increased up to 1 .2kA. Like the 
flat firing tip 70, the stem 61 of the spherical firing tip 60 
has buckled when the welding current is increased up 
to 1 .2kA. And, at 0.6kA level of the welding current, the 
spherical head 62 of the spherical firing tip 60 did not 
completely sink in the opposing portion 31. However, 
when the welding current is within the range of 0.8kA to 
1 .OkA, the spherical head 62 has completely sunk in the 
opposing portion of the electrode without causing buck- 
ling of the stem 61 . 

[0050] As understood from the test result, the spher- 
ical configuration of this embodiment is advantageous 
in that the head 62 can easily sink in the opposing por- 
tion 31 under application of an appropriate pressing 
force during the resistance welding operation. Fig. AC 
merely shows one test result. As far as the firing tip 60 
has the above-described appropriate size, adequate 
embedding performance can be assured. 
[0051] The configuration ofthe firing tip head 62 is not 
limited to the above-described spherical shape and 
therefore can be modified into other one. For example, 
the firing tip head 62 may have a flat surface at its top 
when the cross-sectional area of the head 62 continu- 
ously decreases with increasing distance from the max- 
imum diameter portion 63 as shown in Fig. 5A. Fig. 5A 
shows appearance and configuration of a tapered Ir al- 
loy firing tip 60 whose diameter monotonously decreas- 
es from the maximum diameter portion 63 to the top (i. 
e, front end). 

[0052] When the firing tip head 62 has a flattened top, 
it is preferable that the radial length (i.e., head planar 
length) "A" of the top surface is smaller than a half ofthe 
maximum D, i.e., A<D/2, as shown in Fig. 5A. Fig. 5B is 
a graph showing a test result conducted for the relation- 
ship between the head planar length A and the embed- 
ding depth H. 

[0053] Fig. 5B has an abscissa representing the head 
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planar length A (mm) and an ordinate representing the 
embedding depth H (mm). The tested firing tip 60 has 
the same size (d=0.7mm, D=1 .2mm, t0=0.6mm, and 
T0=0.3mm) as that shown in Figs. 4A to 4C. As under- 
stood from this graph, the firing tip head 62 can easily 5 
sink when the head planar length A is small and does 
not sink when the head planar length A exceeds 0.6 mm. 
[0054] From the foregoing, in the case of the Ir alloy 
firing tip 60 shown in Fig. 5A, sufficient embedding per- 
formance is not assured when the head planar length A 10 
is equal to or larger than D/2. Namely, the firing tip head 
cannot surely sink in the opposing portion of the elec- 
trode during the resistance welding operation. Hence, it 
is desirable that the relationship A<D/2 is satisfied. In 
the graph of Fig. 5B, when the head planar length A is 15 
0, configuration of the firing tip head 62 is conical or the 
one shown in Figs. 3A and 3B. 

[0055] As described above, the present invention 
makes it possible to realize the spark plug 1 00 using the 
Ir alloy firing tip 60 which can assure long life (e.g., 20 
equivalent to traveling distance 100,000 km based on 
actual vehicle). Furthermore, by optimizing the size, 
configuration and embedding performance of firing tip 
60 relative to the electrode, it becomes possible to ob- 
tain the reliable and excellent spark plug 1 00 capable of 25 
surely fixing the firing tip 60 based on low-cost resist- 
ance welding and preventing the firing tip 60 from falling 
out of the electrode. 

[0056] The above-described spark plug 100 has two 
opposing portions 31 and 41 on the center electrode 30 30 
and the ground electrode 40 which are disposed in an 
opposed relationship, with the Ir alloy firing tip 60 fixed 
on the opposing portion 31 of the center electrode 30 by 
resistance welding. Alternatively, it is possible to fix the 
ir alloy firing tip 60 on the opposing portion (i.e., distal 3s 
end) 41 of the ground electrode 40 by resistance weld- 
ing. Furthermore, it is possible to fix the Ir alloy firing tip 
60 on each of the opposing portions 31 and 41 of the 
center and ground electrodes by resistance welding. 
[0057] Fig. 6 schematically shows a modified embod- *o 
imenf of thefirst embodiment which has the Ir alloy firing 
tip 60 fixed on the opposing portion 41 of the ground 
electrode 40 by resistance welding. According to this 
modified embodiment, the Ir alloy firing tip 60 has the 
same arrangement and embedding structure as those *s 
of the firing tip 60 of the above-described spark plug 1 00. 
The resistance welding can be performed in the same 
manner. Thus, the modified embodiment can operate in 
the same manner with the same effects. 
[0058] Besides the firing tips shown in Figs. 2 to 5, the so 
configuration of Jr alloy firing tip 60 applicable to the 
present invention are shown in Figs. 7A to 7H. Figs. 7B, 
7D, and 7F are views seen from the direction Y shown 
in Figs. 7A, 7C and 7E, respectively. Each embodiment 
shows unique rivet configuration or unique pointed or 55 
tapered head configuration. 



Second Embodiment 

[0059] According to the above-described first embod- 
iment, the head 62 of the rivet Ir alloy firing tip 60 is fixed 
by resistance welding to at least one of the opposing 
portions 31 and 41 of the center electrode 30 and the 
ground electrode 40 which are disposed in an opposed 
relationship. The second embodiment is characterized 
in that fixing of Ir alloy firing tip 60 is performed based 
on caulking. Hereinafter, characteristic features of the 
second embodiment different from the first embodiment 
will be explained. 

[0060] Figs. 8A to 8D are cross-sectional views illus- 
trating the caulking steps for fixing the firing tip 60 to the 
opposing portion 31 or 41 . First, an axially extending 
hole 35 is opened on the opposing portion 31 or 41 by 
drilling operation (refer to Fig. 8A) so that the head 62 
of the Ir alloy firing tip 60 can be inserted in this hole 35. 
Next, the Ir alloy firing tip 60 having the same arrange- 
ment as that disclosed in the first embodiment is insert- 
ed into the hole 35, with the head 62 as a leading side 
and the stem 61 following the head 62 and placed partly 
in the hole 35 (refer to Fig. 8B). 

[0061] Next, the opposing portion 31 or 41 is caulked v 
at its front end so that the diameter of the hole 35 be- 
comes smaller than the maximum diameter of the head 
62. For example, the caulking operation can be -per- 
formed by using a knife member or a roller member. 
Through this caulking operation, as shown in Fig. 8C or 
8D, the firing tip head 62 is securely fixed in the hole 35 
with the maximum diameter portion 63 placed deeply in 
thehole35andthestem61 surrounded by the deformed 
inside wall of the hole 35. 

[0062] Accordingly, it becomes possible to securely 
fix the Ir alloy firing tip 60 to the opposing portion 31 or 
41 in a hooked condition, thereby preventing the I r alloy 
firing tip 60 from being mechanically pulled out of the 
opposing portion 31 or 41. Thus, this embodiment 
makes it possible to effectively fix the Ir alloy firing tip 

60 to the electrode based on low-cost caulking opera- 
tion. 

[0063] According to this embodiment, it is preferable 
to perform the resistance welding in the condition shown 
in Fig. 8C or 8D so as to fix the Ir alloy firing tip 60 to the 
opposing portion 31 or 41. Furthermore, in the above- 
described caulking operation, it is possible to interpose 
a separate member (i.e., spacer) 80 between the stem 

61 and the inside wall of the hole 35 as shown in Fig. 9. 
The separate member 80 is made of the same material 
(Ni-based alloy or the like) as that of the opposing por- 
tion 31 or 41. In the caulking operation, the separate 
member 80 is deformed integrally with the opposing por- 
tion 31 or 41 to securely fix the stem 61 . 

[0064] Furthermore, instead of performing the caulk- 
ing operation, it is possible to integrate all of the firing 
tip 60, the separate member 80 and the opposing por- 
tion 31 or 41 by performing resistance welding operation 
after disposing the separate member 80 in the hole 35. 
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In this case, it becomes possible to realize substantially 
the same embedding structure as that of the first em- 
bodiment, although the drilling operating is required. 

Third Embodiment 

[0065] Figs. 10A to 10C are cross-sectional views 
schematically showing the caulking steps for fixing the 
Ir alloy firing tip to the opposing portion of the electrode 
in accordance with the third embodiment. Third embod- 
iment is based on a spark plug applicable to an internal 
combustion engine. The spark plug has an Ir alloy firing 
tip 60 disposed on the opposing portion (i.e., distal end) 
of the ground electrode 40. The Ir alloy firing tip 60 is a 
twin- headed type having two heads 62 at both ends of 
the stem 61 as shown in Fig. 10C. A through-hole 36, 
opened at the opposing portion 41 of the ground elec- 
trode 40, accommodates the stem 61 . Two heads 62 are 
fixed to the opposing portion 41 ' so as to close each end 
of the through-hole 36. 

[0066] First, as shown in Fig. 10A, the through-hole 
36 is opened on the distal end (i.e., opposing portion) 
41 of the ground electrode 40 through drilling operation. 
An inner diameter of the through-hole 36 is large enough 
to insert the stem 61 of the Ir alloy firing tip 60 and is 
smaller than the maximum diameter D of the head 62. 
Next, like the first embodiment, the stem 61 of Ir allow 
firing tip 60 is inserted into the through-hole 36 with its 
free end far from the head 62 as a leading side (refer to 
Fig. 10B). 

[0067] Next, as shown in Fig. 10C, an electrode K1 of 
a resistance welding apparatus is depressed on the free 
end of the stem 61 protruding from the through-hole 36 
to thermally deform the free end of the stem 61 with heat 
available from the electrode K1 of the resistance weld- 
ing apparatus. As a result, two heads 62 are formed at 
both ends of the stem 61 . Each head 62 has a diameter 
larger than the inner diameter of the through-hole 36. 
Thus, the heads 62 are firmly fixed to the opposing por- 
tion 41 at both ends of the through-hole 36 so as to pre- 
vent the Ir alloy firing tip 60 from being pulled out of the 
through-hole 36. 

[0068] As described above, the third embodiment 
makes it possible to realize an excellent firing tip fixing 
method based on the resistance welding, i.e., without 
using expensive laser welding. As a result, the third em- 
bodiment provides a low-cost method for preventing the 
Ir alloy firing tip 60 from being pulling out of the opposing 
portion 41. According to this embodiment, -it is possible 
to form two heads by deforming both ends of a simple 
rodlike firing tip inserted in the through-hole 36. 
[0069] The present embodiments as described are 
therefore intended to be only illustrative and not restric- 
tive, since the scope of the invention is defined by the 
appended claims rather than by the description preced- 
ing them. All changes that fall within the metes and 
bounds of the claims, or equivalents of such metes and 
bounds, are therefore intended to be embraced by the 



claims. 

[0070] An iridium alloy firing tip (60), fixed to an op- 
posing portion (31) of a center electrode, comprises a 
stem (61) and a head (62). The firing tip head (62) is 

5 integrally formed from one end of the stem. A diameter 
of the head (62) is larger than that of the stem (61). A 
distal end of the stem (61) is opposed to an opponent 
electrode. The head (62) is embedded in the opposing 
portion. The firing tip head (62) is pointed or tapered in 

10 a direction opposite to the stem (61 ) from a maximum 
diameter portion (63) in such a manner that a cross-sec- 
tional area of the head (62) continuously decreases with 
increasing distance from the maximum diameter portion 
(63). The maximum diameter portion (63) is positioned 

15 deeply inside the opposing portion (41), and a base end 
of the stem (61 ) extending from the maximum diameter 
portion (63) is wrapped or surrounded by the opposing 
portion (41). 



tor an internal combustion engine com- 



a center electrode (30) and a ground electrode 
(40) disposed in an opposed relationship, and 
an iridium alloy firing tip (60) provided on at 
least one of opposing portions (31 , 41 ) of said 
30 electrodes, 

characterized in that 

said iridium alloy firing tip (60) comprises a 
35 stem (61 ) and a head (62), said head being in- 

tegrally formed from one end of said stem with 
a diameter of said head (62) larger than a di- 
ameter of said stem (61), 
a distal end of said stem (61 ) is opposed to an 
40 opponent electrode, 

said head (62) is embedded in said opposing 
portion, 

said head (62) is pointed or tapered in a direc- 
tion opposite to said stem (61 ) from a maximum 
45 diameter portion (63) in such a manner that a 

cross-sectional area of said head (62) continu- 
ously decreases with increasing distance from 
the maximum diameter portion (63), and 
said maximum diameter portion (63) is posi- 
50 tioned inside said opposing portion and a base 

end of said stem (61 ) extending from said max- 
imum diameter portion (63) is wrapped or sur- 
rounded by said opposing portion. 

55 2. The spark plug for an internal combustion engine in 
accordance with claim 1 , wherein said opposing po- 
tion (31, 41) surrounds or wraps said head (62) by 
a thickness t1 equal to or larger than 0.3mm. 
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3. The spark plug for an internal combustion engine in 
accordance with claim 1 or 2, wherein a pointed or 
tapered end of said head (62) is configured into a 
spherical surface. 

4. The spark plug for an internal combustion engine in 
accordance with claim 1 or 2, wherein a pointed or 
tapered end of said head (62) is configured into a 
flattened surface which satisfies a relationship A<D/ 
2, where "A" represents a planer length of said flat- 
tened surface and "D" represents a diameter of said 
maximum diameter portion (63). 

5. A manufacturing method for a spark plug employed 
in an internal combustion engine, said spark plug 
comprising a center electrode (30) and a ground 
electrode (40) disposed in an opposed relationship, 
and an iridium alloy firing tip (60) fixed to at least 
one of opposing portions (31 , 41 ) of said electrodes 
by resistance welding, wherein said iridium alloy fir- 
ing tip (60) comprises a stem (61) and a head (62), 
said head being integrally formed from one end of 
said stem with a diameter of said head (62) larger 
tnan a diameter of said stem (61 ), 

said manufacturing method comprising a weld- 
ing operation for fixing said iridium firing tip to 
said opposing portion by resistance welding, 
said welding operation comprising the steps of: 

bringing said head (62) of said iridium alloy 
finnq tip into contact with said opposing 
porton and 

applying a pressing force to said head (62) 
dunrg resistance welding operation for en- 
forcing a maximum diameter portion (63) 
tc sink n a melted portion of said opposing 
portion until a base end of said stem (61) 
extending from said maximum diameter 
porton (63) is embedded in said melted 
porton of said opposing portion. 

6. The manufacturing method for a spark plug em- 
ployed in an internal combustion engine, further 
comprising a step of caulking said opposing portion 
(31 . 41) after said head (62) of the firing tip is em- 
bedded in sa>d opposing portion, so that said base 
end of said stem (61 ) extending from said maximum 
diameter portion (63) is surrounded or wrapped by 
said opposing portion. 

7. A spark plug for an internal combustion engine com- 
prising: 

a center electrode (30) and a ground electrode 
(40) disposed in an opposed relationship, and 
an iridium alloy firing tip (60) provided on at 
least one of opposing portions (31 , 41 ) of said 



electrodes, 
characterized in that 

s said iridium alloy firing tip (60) comprises a 

stem (61) and a head (62), said head being in- 
tegrally formed from one end of said stem with 
a diameter of said head (62) larger than a di- 
ameter of said stem (61), 

10 a distal end of said stem (61 ) is opposed to an 

opponent electrode, 

said head (62) is placed in a hole (35) formed 
in said opposing portion, and 
said head (62) has a maximum diameter por- 
15 tion (63) positioned in said hole and said op- 

posing portion is caulked so that a base end of 
said stem (61) extending from said maximum 
diameter portion (63) is wrapped or surrounded 
by an inside wall of said hole. 

20 

8. A spark plug foran internal combustion engine com- 
prising: 

a center electrode (30) and a ground electrode 
25 (40) disposed in an opposed relationship, and 

an iridium alloy firing tip (60) provided on an op- 
posing portion (41) of said ground^ electrode 
(40), 

30 characterized in that 

said iridium alloy firing tip (60) comprises a 
stem (61) and two heads (62) formed at both 
ends of said stem, with a diameter of each head 
55 (62) larger than a diameter of said stem (61 ), 

a through-hole (36) is provided on said oppos- 
ing portion (41) for accommodating "said stem 
(61), and 

said two heads (62) are fixed to said opposing 
40 portion (41) so as to close each end of said 

through-hole (36). 

9. The spark plug for an internal combustion engine in 
accordance with any one of claims 1 to 4, 7 and 8, 

45 wherein said iridium alloy firing tip (60) chiefly con- 
tains iridium with at least one additive selected from 
the group consisting of rhodium, platinum, ruthe- 
nium, palladium and tungsten. 

50 
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